E ndothelial progenitor cells (EPCs) are circulating bone marrow-derived mononuclear cells that have the potential to promote postnatal neovascularization and endothelial repair. 1 Reduced numbers of EPCs have been demonstrated in patients with coronary artery disease (CAD) and those with cardiac risk factors including smoking, hyperlipidemia, hypertension, diabetes mellitus, and increasing age. 2 EPCs are mobilized in the peripheral blood of patients after acute coronary syndromes, 2 percutaneous coronary intervention, 3, 4 and vascular trauma/surgery, 5,6 suggesting that the numbers of circulating EPCs may be a useful biomarker of cardiovascular risk and that endogenous vascular repair may be an important modulator of the clinical course of CAD. 7, 8 Present data suggest that CD133 ϩ KDR ϩ cells in the bone marrow mature to CD133 ϩ CD34 ϩ KDR ϩ cells with subsequent loss of CD133 and CD34 reflecting transformation into a differentiated mature endothelial cell. 9,10 It is also known that the hematopoietic system has a circadian rhythm and numbers of circulating blood cells show diurnal variations. 11 However, there have been no published studies to date that investigate this property in EPCs.
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We recruited 15 healthy male Caucasian adult volunteers aged between 23 and 45 (average age 30.5 years) who were free from cardiovascular disease or known cardiac risk factors, and were nonsmokers. Volunteers were also requested to refrain from caffeine during the study. We obtained an EDTA peripheral blood sample at 8 AM, 3 PM, and 10 PM on the same day from each individual. 100 L of peripheral blood was added to Trucount tubes (BD biosciences) containing fluorescent beads to permit calculation of absolute numbers of EPCs. A FACScalibur was used to record the presence of cells expressing the surface marker combinations that are commonly used to define EPCs: CD34, CD133, and kinase domain receptor (KDR). CD45 expression was used as an additional gating criterion for CD34 ϩ cells. Fluorescent antibodies, anti-CD45-fluorescein isothiocyanate (FITC), anti-CD34-PercP-cy5.5 (BD biosciences), anti-VEGR-2-PE (R&D Systems), and anti-CD133-activated protein C (APC) (Miltenyi Biotec), or fluorescent antibody isotype controls were added to 3 replicate blood samples at the 3 time points for each individual. After red blood cell lysis (Pharmlyse, BD biosciences), 60 000 cells in the lymphocyte region (defined on a forward and side scatter plot) were recorded using CellQuest software. EPC counts were normally distributed and differences in EPC numbers across the 3 time points were assessed using 2-way analysis of variance (ANOVA), with individual assigned as a blocking factor. Paired t tests were then performed on data that showed significant differences (PϽ0.05) in the ANOVA and were used to compare EPC numbers between time points. A 2-sided probability value of Ͻ0.05 was used to define statistical significance. All volunteers gave informed consent for the study and procedures were approved by the regional ethics committee.
The mean cell counts with 95% confidence intervals for EPCs (defined using 6 cell surface marker combinations) for 15 individuals at the 3 time points are displayed in the Figure. The overall mean value for all individuals across all time points for EPCs is similar to those seen in other studies of healthy individuals. 12, 13 There was a striking and significant increase in the numbers of circulating EPCs at 10 PM compared with 3 PM which was consistent across the 6 EPC populations (Figure) . The highest fold increase was observed for CD34 ϩ CD133 ϩ KDR ϩ cells which showed a 42% (Pϭ0.012) increase at 10 PM compared with 3 PM, whereas the smallest increase was 17% (Pϭ0.013) for CD34ϩCD45ϩ cells. The CD34ϩ cells which are thought to represent the broadest definition of EPCs showed a 28% increase over the same time period (PϽ0.001) and were the only cell type to show a significant drop (16%; Pϭ0.031) between 8 AM and 3 PM.
The evening peak of circulating EPCs resembles the circadian pattern exhibited by neutrophil, monocyte, and lymphocyte numbers in peripheral blood 14, 15 and may be a direct consequence of the marked diurnal patterns in circulating levels of factors known to influence EPC mobilization, eg, GM-colony stimulating factor (CSF), G-CSF, and glucocorticoids. 16, 17 Given the potential therapeutic utility of EPCs, identification of the responsible factor(s) in future studies would be of major interest. The fluctuations in EPC numbers seen during a 14-hour time period suggest that the turnover of EPCs may be relatively high, even in healthy individuals with no specific vascular insult. It is not clear whether this might be attributable to either the ongoing consumption of EPCs as part of low level vascular repair processes or the removal of circulating EPCs which are not currently required.
Our results have important implications for other studies in this field. Any systematic difference in the time of day when case and control groups are sampled could be a major confounding factor in case-control studies relating EPC numbers to cardiovascular risk. There are also implications for studies involving serial sampling, such as after MI, where sampling times would not be controlled with respect to the circadian clock.
It is tempting to speculate whether the diurnal variations in EPC numbers might have clinical consequences. MI, acute coronary syndrome, sudden cardiac death, and ischemic stroke manifest a marked circadian variation with a peak in the early morning. 18, 19 This may result from a variety of different processes, including increased vascular and sympathetic nervous system tone, higher arterial blood pressure, and relative hypercoagulability. It is also possible that the lower levels of EPCs seen in the early and middle parts of the day compared with the late evening might lead to prolonged exposure of endothelial basement membrane at sites of vascular repair and subsequent thrombotic cardiovascular events. Further work on the mechanisms of EPC recruitment to repair sites and contribution to reendothelialization are needed to investigate this possibility. Letter to the Editor
